Objective-To describe demographic and behavioral characteristics of persons with acute HIV infection (AHI) over time.
compared demographic and behavioral trends in both the AHI and established HIV infection (EHI) diagnosed at publicly-funded testing sites in NC between 2003 and 2012.
METHODS

Testing for AHI
The NCDPH initially integrated AHI screening into HIV testing practices as a 12-month observational study. The identification of 22 AHI cases led to the initiation of the STAT program, a collaborative research project with the University of North Carolina at Chapel Hill (UNC) from January 2003 until August 2005. [13, 15, 17] In 2005, the NCSLPH incorporated HIV-1 pNAAT testing into the state's HIV testing program, making AHI screening a statewide standard for all serum samples from publicly-funded testing sites.
All samples for HIV testing underwent an individual antibody EIA. Antibody negative samples underwent a pooling strategy to test for HIV-1 RNA via pNAAT. The assays used to test for the HIV antibody and HIV RNA changed between 2003 and 2012 ( Figure 1 ). HIV antibody positive samples with a negative or indeterminate WB tests were individually tested for the presence of HIV-1 RNA.
Study Population
All results from samples tested for HIV at the NCSLPH between January 1, 2003 and December 31, 2012 were included in this analysis. Informed consent for HIV testing was obtained according to NCDPH regulations. The UNC Institutional Review Board and the NCDPH approved this project.
Definitions
The testing population is defined as all HIV test results processed through the NCSLPH during the analysis period. Point-of-care (rapid) test results were not included since it was not available for the entire analysis period and AHI screening samples were not collected with rapid testing. Some duplication of persons exists in the testing population because a person testing negative may test multiple times and be counted more than once. The results from persons previously diagnosed with HIV by self-report or on record at the NCDPH, were excluded. AHI was defined as detectable HIV-1 RNA in an antibody negative or indeterminate sample. EHI was defined as both a positive EIA and WB test.
Data Collection
Time of Testing-The US Centers for Disease Control and Prevention (CDC) counseling, testing and referral (CTR) behavioral risk assessment forms are completed for all persons testing for HIV at publicly-funded sites in NC. Completed as pre-test risk-assessment, the standardized CTR form captures self-reported demographics, risk behaviors, reason for testing, testing site and county of residence and accompanies all samples sent to the NCSPLH for HIV testing. The information collected on the CTR form is reviewed and cleaned by NC Epidemiologists, and reported annually. [31] We reviewed information reported on the CTR behavioral risk assessment form for all HIV samples tested between 2003 and 2012 (Table 1) .
Disease Intervention Specialist (DIS) Interview-NCDPH DIS conduct standardized partner notification with HIV. [32] NCDPH contracts with Whetstone Consultations to provide a required 2-day HIV CTR Training for all DIS. Routine partner services requires that DIS interview all new HIV positive diagnosis, however the NC STAT program prioritizes rapid notification and confirmatory testing within 72 hours of a positive HIV result for all individuals with suspected AHI.
Upon detection, each AHI case is assigned a unique STAT identification code. DIS attempt to interview, expedite HIV care referrals and initiate partner notification for all AHI cases. Prior to meeting and interviewing each case, the DIS review the information obtained during the pre-test risk-assessment. During the interview, DIS systematically collect details related to HIV acquisition, including symptoms of AHI, sexually transmitted co-infections, high risk sexual behaviors, drug use, and sexual orientation. This new information is documented on standardized STAT forms. The de-identified DIS interview data collected after diagnosis is maintained in a central, secure database at UNC specifically for AHI analysis. The DIS interview data is also maintained as part of NC surveillance data.
For our analysis, we looked at both the information collected at the time of testing (CTR form) and the data collected at the DIS interview (STAT form). We compiled the information collected at the time of testing, providing cumulative and comparative data for the entire testing population including those testing negative as well as those diagnosed with both EHI and AHI (Table 1) . We then compared the difference between the data collected on the CTR form to the STAT form data.
Statistical Analysis
We calculated the percent positivity and descriptive statistics for both AHI and EHI, stratified by demographic and behavioral characteristics. Cochran-Armitage tests of trend were used to assess HIV prevalence over time. Wilcoxon rank-sum tests for continuous variables and a 2-sided Pearson chi-squared test for categorical variables were used to compare AHI and EHI diagnoses. We used the McNemar test to compare differences between the demographics and testing circumstances of AHI diagnoses at the time of testing and after DIS interviews. All analyses were performed using SAS v 9.2 (SAS Institute, Cary, NC).
RESULTS
Testing for AHI
From 2003 to 2007, 2 nd generation EIA tests were used to detect HIV antibodies. In 2008, the NCSLPH transitioned to a 3 rd generation EIA, [8] and the increased sensitivity of this test reduced the window period that an HIV antibody test was non-reactive ( Figure 1) . Consequently, the observed frequency of AHI as diagnosed by a non-reactive EIA and a positive NAAT test result declined from 86.3% to 53.2%, while tests with an EIAreactive/WB-negative or indeterminate result increased from 13.7% to 46.1% (p <0.0001) ( Figure 2 ). CTR collected data showed that young (< 25 years) Black MSM (YBMSM) were disproportionately represented among AHI cases. Although only comprising 1.9% of all men tested, 25.1% of males diagnosed during AHI were Black and <25 years of age. The median age of MSM with AHI was younger for Black MSM (22, compared to all non-Black MSM (28, IQR 24-37) (p<0.0001). The proportion of tests attributed to YBMSM was consistent each year of the analysis period. However, the absolute number of YBMSM tested increased each year (data not shown).
Time of Testing
DIS Interview
DIS found and interviewed 228 (96.6%) persons diagnosed with AHI. Similar to other HIV testing programs utilizing rapid partner service [33, 34] , a total of 220 (96.5%) of the 228 cases had confirmatory testing. The median time from the date of the initial HIV test to the date results were available from the lab was 12 days (IQR 9-14 days). DIS took a median of 1 additional day (IQR 0-3 days) to interview the AHI case. More than 75% of confirmatory testing occurred during the DIS interview (range 0-29 days). 
DISCUSSION
In NC, persons diagnosed with AHI consistently represented 3.4% of all HIV diagnoses from 2003 to 2012. The proportion of persons with newly diagnosed HIV who were acute varied slightly by age, race and sex, with the highest proportion observed in MSM and persons <25 years. AHI was detected at all testing sites, including testing sites with very low HIV prevalence, such as family planning clinics. The consistent AHI detection, regardless of demographics, suggests that AHI screening is important and should be incorporated into all HIV testing algorithms. [35, 36] Failure to test for AHI increases the risk of onward transmission and misses opportunities for intervention and early ART initiation. [1, 4, 37, 38] The in-person DIS interviews after diagnosis revealed a substantial increase in the number and proportion of AHI persons reporting sex with men, particularly in YBMSM. The high rate of AHI among YBMSM is consistent with national trends in overall HIV diagnosis. [20, [39] [40] [41] The continued increase in the proportion of AHI cases among YBMSM in NC indicates that this group remains a focal point of HIV incidence. [42] If demographic and behavioral trends seen in AHI diagnoses are predictive of overall trends in HIV incidence, then targeted prevention and testing is imperative. Any shifts in these parameters should be considered a forecaster for trends in new EHI diagnoses and prevention efforts should be reevaluated and adjusted accordingly.
Persons diagnosed during AHI were consistently younger than those diagnosed during EHI; however, the age distribution of the general testing population mirrored those with AHI. A plausible explanation for the observed age difference may reflect an increase in the number of younger persons, particularly MSM, undergoing routine testing. Increased testing frequency increases the likelihood of AHI diagnosis. [43] Because our dataset allows for the same person to test more than once, it is possible that high risk persons, who may be younger, are testing more frequently, increasing AHI detection in a younger population, or the shift in demographics may represent a true increase in incidence among young MSM.
NC women are infrequently diagnosed during AHI despite representing the majority of HIV testing events. Identification of at-risk women needs to be prioritized in order to test and diagnose women effectively. Similar to previous reports, women reported fewer symptoms than men during the acute phase [12, 44] , suggesting that women may overlook or be less likely to experience AHI symptoms, potentially delaying HIV testing and care-seeking behaviors. Additionally, women may be seen as lower risk and HIV testing may not be offered even when there are classic symptoms and risk behaviors.
Notably, we found that reported pre-test risk behaviors were frequently inaccurate, particularly among YBMSM. Those diagnosed with AHI under-reported MSM risk; 26 (33.8%) of YBMSM reporting sex with men during the DIS interview did not report this risk on the CTR form at the time of testing and is consistent with previously published pre-test behaviors. [45] [46] [47] Furthermore, AHI symptoms are often not elicited, reported or considered as a reason for testing by individuals or providers. [11, 12] However, after diagnosis, three-quarters of AHI cases in our study reported symptoms consistent with AHI, suggesting persons may not accurately report risk or associate symptoms with HIV infection until specifically asked or made aware of their diagnosis. We show that current standardized assessment forms used to collect HIV risk and symptoms have limited utility in assessing risk for AHI or EHI given substantial MSM underreporting, [45] [46] [47] making precise prevention counseling or targeted screening for AHI challenging. [29] Many factors and perceptions influence disclosure at testing, and though varied, these are primarily associated with comfort with one's sexual identity and perceived acceptance. [48, 49] Incorporating computer based risk assessment tools might allow more accurate disclosure by removing fear of judgment from the process. [47] . Obtaining more accurate pre-test behavioral and clinical information will elicit better assessment of true risk and facilitate effective testing of high risk groups. Routine screening of all samples for AHI is a strength of the STAT program, allowing effective identification of AHI despite under-reported risk at the time of testing.
In our analysis, nearly three-quarters of all new HIV diagnoses were Black, while less than one-quarter of the total NC population is Black. [31] Because our analysis excludes testing done in private settings, our results are limited to the subset of those diagnosed through publicly-funded sites, which comprise approximately one third of all HIV positive diagnoses in NC each year. [31] Accordingly, people testing at publicly-funded testing sites may differ from those testing at private sites in terms of socio-demographic, HIV risk and geographic factors.
Our 10-year study period illustrates the evolution of HIV testing assays and its impact on AHI diagnosis. New diagnostic algorithms continue to evolve, decreasing time from testing to the reporting of results. The new combination p24 antigen and HIV antibody EIA assay further shortens the window between HIV acquisition and diagnosis, making AHI detection more feasible in the context of routine HIV testing. [35, 50] Approximately 10-20% AHI diagnosis are detected only due to a positive HIV RNA [2] , and AHI cases previously detected by a positive EIA antibody and a negative or indeterminate WB may no longer be identified as acute by 4 th generation assay (46% of AHI in our study from 2008-12), but instead as established infection. For AHI screening programs like ours, which facilitates rapid tracing of persons with AHI (and their contacts) and thus early ART initiation, the switch to 4 th generation testing will miss very early and later stages of acute infection, potentially diminishing the impact on transmission. STAT, and programs endorsing rapid notification, successfully locate 96-100% new positives. [33, 34] Accordingly, in high risk populations, HIV RNA screening and alternative assays to detect recent HIV infection [9] should be considered as supplements to fourth generation testing for fully optimal AHI detection.
For more than 10 years, NC successfully sustained a statewide screening program for AHI. Despite a relatively low risk testing population, 3.4% of all persons diagnosed with HIV had AHI. AHI testing projects (Seattle, WA, San Francisco, San Diego and Los Angeles, CA, Lilongwe, Malawi and Cape Town, South Africa) reported similar increase in AHI detection when using pooled NAAT screenings. [16, 18, 24, [51] [52] [53] [54] Notably, most of these programs are clinic-based within cities, and the STAT program remains the only statewide screening program to our knowledge. Data from the STAT program provides predictive value for assessing emerging trends in HIV incidence [55] [56] [57] , observes an increase in AHI in YBMSM corresponding to national incidence estimates, [20, 39] and facilitates real time evaluation of individual AHI cases. [2, 4] Thorough DIS interviews lead to the identification of individuals at risk, other undiagnosed HIV infections (some of which are acute), and high risk sexual networks. [42] The STAT program allows for immediate intervention and testing of persons participating in these high risk sexual networks, potentially impacting transmission. [26, [55] [56] [57] The benefits of the STAT program are substantial and offer a unique opportunity to identify AHI cases and their at-risk and infected partners. [1, 2, 4, 58] This provides persons with AHI an opportunity for behavior change and, if linked to care, the opportunity to initiate ART early, thereby improving health outcomes and decreasing infectiousness. By identifying high-risk HIV negative partners of AHI cases, the STAT program provides an avenue for identifying and potentially initiating pre-exposure prophylaxis (PrEP) to a population most likely to gain benefit. [59, 60] Thus, the STAT Program allows for a prioritized focus on prevention, education, HIV testing, rapid linkage to care and immediate initiation of ART, all of which are critical and will impact the HIV epidemic. 
